Abstract. Pheasants are at the brink of destruction due to various anthropogenic activities such as deforestation, encroachment of their habitat area and excessive hunting. Koklass (Pucrasia macrolopha) species is facing tremendous pressures due to poaching and destruction of habitat. This species is classified as least concern species with decreasing population trend according to IUCN Red List of Threatened Species and also classified under endangered species according to Red Data Book of Zoological Survey of India. There is need to understand and manage habitats of species in order to prevent extinction of endangered species. Wildlife habitat suitability analysis using GIS have been found to be successful in many studies. In the present study, habitat suitability model for Koklass Pheasant of Churdhar Wildlife Sanctuary, HP, India was developed using geospatial technology which predicts suitable habitat zone. Different thematic maps such as land use/cover, forest type, drainage, roads and sighting locations of Koklass Pheasant are overlaid using Weighted overlay analysis model. The Habitat Suitability model shows different habitat potential zones of this Pheasant which are 5.9%, 24.9%, 45.4% and 23.7% for least, moderate, moderately high and most suitable respectively. The least and moderate suitable zones could be due to various anthropogenic activities such as deforestation, road construction activities, grazing by domestic cattles, noise pollution and encroachment of land for agricultural purpose. Habitat suitability analysis of Koklass Pheasant can be considered as the initial phase towards the conservation approach of this species.
INTRODUCTION
The Pheasants are ground dwelling birds with large body and bright colour, which belong to the family Phasianidae and Galliformes order. They are at the brink of destruction due to various anthropogenic activities such as deforestation, encroachment of their habitat area and excessive hunting of wild faunas. The problem is more acute in the developing countries, where wildlife and biodiversity conservation is often less prioritized due to more pressing demands of food security and poverty alleviation (Kushwaha et al., 2001) .
The Koklass (Pucrasia macrolopha) species, the only species of the genus Pucrasia, belong to the family Phasianidae. The species is distributed from Afghanistan and Pakistan east along the Himalaya to southeastern Tibet, western China and southeastern Mongolia. This Pheasant species has nine subspecies namely Indian Koklass (Pucrasia macrolopha macrolopha), Kashmir Koklass (Pucrasia macrolopha biddulphi), Western Koklass (Pucrasia macrolopha castanea), Nepal Koklass (Pucrasia macrolopha nipalensis), Orange-collared Koklass (Pucrasia macrolopha rufficolllis), Meyer's Koklass (Pucrasia macrolopha meyeri), Joret's Koklass (Pucrasia macrolopha jorentiana), Yellow-necked Koklass (Pucrasia macrolopha xanthospila) and Darwin's Koklass (Pucrasia macrolopha darwini). With exception of the subspecies castanea, macrolopha and nipalensis, which are endemic to southern side of northwest and western Himalaya, other five are confined to Mongolia and China (Johnsgard, 1986) . Koklass Pheasant are facing tremendous pressures due to poaching and habitat destruction. This species is classified as least concern species with decreasing population trend according to IUCN Red List of Threatened Species. This species is also classified under endangered species according to Red Data Book of Zoological Survey of India. This species has been listed under Schedule I of Indian Wildlife (Protection) Act, 1972 and its subsequent amendments. A Koklass Pheasant held in captivity at Sarahan in Simla district of Himachal Pradesh is shown in Figure 1 .
There is need to understand and manage habitats of species in order to prevent extinction of endangered species (Ortigosa et al., 2000) . A habitat is a local environment which is inhabited by a particular species of animal, plant or other type of organisms. Many studies on habitat and wildlife animals have been carried out by renowned scientist and researchers. Various studies on habitat and corridor used by wild animals based on ground survey have been carried out (Bhat and Rawat, 1995; Hobaugh, 1984; Johnsing and Joshua, 1994; Mishra and Johnsingh, 1996; Rodgers, 1990; Saxena, 1986; Tiwari, 1986) . Determination of habitat attributes of wildlife, new sites identification for wildlife protection and assessment of current status of corridors have been done using GIS and remote sensing (Kamat, 1986 and Panwar, 1986) . Remote sensing has the advantage of lesser time and labour, whereas ground methods take longer time and sometimes creates problem for inaccessible areas. Ground methods have limitations as it is impossible to access the whole area at the same time in most of the study. The information extracted through GIS and remote sensing validated by ground survey is more reliable and accurate than the information collected using only ground survey (Kushwaha and Roy, 2002) . Wildlife habitat suitability analyses using remote sensing have been found to be successful in many studies. GIS and remote sensing were used extensively for habitat assessment of reindeer (George et al., 1977) , elk (Brian and West 1997 and Bright, 1984) and kangaroo (Hill and Kelly, 1987) .
Land cover change mapping using Landsat and ETM+ imagery in a reindeer herding area of the Russian Arctic was done (Rees et al., 2003) . Asian elephant habitat suitability mapping evaluation in Thailand was carried out using GIS technologies (Mongkolsawat and Thirangoon, 1998) . Rhinoceros habitat suitability map in Kaziranga National Park, India using overlay approach was prepared (Kushwaha et al., 2000) . Assessment of the rhino habitat suitability in the same area using six periods at different time, imagery from different sensors such as Landsat TM and ETM, IRS LISS III and ASTER was done. Habitat assessment of five mammalian species of Kaziranga using Landsat MSS imagery and photograph taken by Kate 140 camera system was carried out (Parihar et al., 1986) . Models are representation of the real world. A habitat model of a wildlife species is a numerical representation where the species can survive and breed. Habitat selection studies have commonly been used for modelling wildlife populations and for gaining a better understanding of relationships between habitat and wild fauna. Modelling potential habitat is a geographic or spatial exercise dependent upon maps. Defining the relationship between the spatial distribution of the species and the biotic and abiotic factors is the main purpose of habitat suitability models. Generation of accurate data based on potentiality of various disturbance factors to the habitat of species is required for preparing habitat suitability model of a species.
The main objective of this study is to prepare habitat suitability model of Koklass Pheasant in Churdhar Wildlife Sanctuary, HP, India using geospatial technology. This includes finding out the spatial pattern of habitat suitable for this species. Prediction of suitable habitat for this Pheasant will be considered as one major initial step towards its conservation approach. 
MATERIALS AND METHODS

Study area
Churdhar Wildlife Sanctuary is situated in Himachal Pradesh of India (30°48'33''N and 30°55'09''N latitudes: 77°23'35 ''E and 77°29'46''E longitudes). The location map of this sanctuary is shown in Figure  2 . Churdhar is the highest peak (3,647mts) in the lower Himalayas of the Himachal Pradesh. The total area covered by this sanctuary is about 56 km². The average annual rainfall in this area is about 1,200 mm, 75% of which is received from south-west monsoon. This sanctuary has rich biodiversity in which the speciality is Musk deer and Himalayan Monal species.
Other faunal species found in the sanctuary includes Goral, Himalayan black bear, Barking deer, Red jungle fowl, Rock partridge, Snow partridge, Wedge tailed pigeon and Himalayan pit viper (Choudhary et al. 2007 ). This sanctuary is also associated with religious worship such as establishment of Jyotirlinga. The ever increasing human population in the Himalayas has increased the demand for natural resources which are responsible for fragmentation of wildlife habitats. About 51 million people which accounts to around 6% of the total Indian population resides in Himalayan region (Anon, 1993) . Various developmental activities and alterations in cropping patterns have led to the disturbance of habitats of various wild faunas. This ever increasing environmental degradation in the Himalayas has been attracting the attention of many academics and resource managers (Singh, 1985: Ives and Messerli, 1989; Guha, 1989) . Several other proximate factors like poaching, domestic livestock species, ultimately as a consequence of the growing human population and the resulting need for natural resources (Gaston et al., 1983; Sathyakumar et al., 1993; Sathyakumar, 1994) . Habitat destruction due to anthropogenic activities such as deforestation, road construction activities, grazing by domestic cattles, noise pollution and encroachment of land for agricultural purpose are some of the major threats to the wildlife habitats, and therefore requires immediate attention to facilitate adequate conservation efforts (  Figure 3 and 4) . 
Data collection and Methodology
For the present study, spatial and non-spatial data are used. LANDSAT TM (path/row: 147/39) satellite imagery having 30m resolution and the relevant Survey of India toposheet ( 53F/5) are used for preparation of various layers such as roads, rivers, contours, settlement areas. The utility of ArcGIS, Erdas IMAGINE, Quantum GIS and Google Earth are extensively used. FCC (False Color Composite) of bands 3(Red), 2(Green), 1(Blue) image are prepared from satellite imagery by layer stacking. Topographic sheet is geometrically rectified using geographic projection system, WGS 1984. From the georeferenced image the study area is extracted using the subset utility of the ERDAS IMAGINE. The image features on the satellite data and topographic sheets are interpreted using on-screen visual interpretation such as shape, size, shadow, texture, association and location to prepare land use/ cover and forest types maps. Other maps such as drainage, roads and sighting locations of Koklass Pheasant maps are also prepared using topographic map (1; 50,000 scale) and ground survey. Various layers of data in digital form are prepared using satellite image as well as toposheet (Table 1) . Buffers are created for all the points and line features according to the perceived effect of the feature on the distribution of the species in the area. Vector layers are converted to grid form. The Weighted Overlay tool is applied to develop the model. This tool can be used to solve problems such as preparation of suitability models and site selection. This tool consist of three steps in which first step includes reclassification of values used in the raster input into a common assessment scale of preference or suitability, risk factor , or some correspondingly unifying scale. Second step involves multiplication of the cell values of each raster input by the raster weight of significance. The final step includes adding of the resulting values of each cell together to produce the raster output. In this way, Koklass Habitat Suitability Model is prepared by overlaying all input parameters using multicriteria approach. Each parameter is assigned scores as 9, 8, 7, 6, 5, 4, 3, 2 and 1 from high to low suitability ( Table  2 ). The weightage assigned to each parameter are decided by considering the significance of each parameter in deciding habitat of Koklass Pheasant derived from expert knowledge and literature survey such as Miller (2010) said that Koklass pheasants live in coniferous forests. The flowchart of the methodology is shown in Figure 5 . 
RESULTS AND DISCUSSIONS
Habitat Suitability model of Koklass Pheasant in Churdhar WS is developed. The model shows different habitat potential zones of this Pheasant which are 5.9%, 24.9%, 45.4% and 23.7% for least, moderate, moderately high and most suitable respectively (Table 3) . Habitat suitability analysis can be considered as initial step towards the conservation of species. Habitat models are based on the relationship between the biotic and abiotic factors and the wildlife. Such type of models are usually animal centric and consistent with the data which are needed for planning (Kushwaha et al., 2004) . Predictor variables such as land use/cover, forest type, roads, drainage and sighting locations of Pheasant are used as independents in different combination to evaluate the habitat variables that effectively defines Koklass presence ( Figure 6 ). (Figure 7) . The habitat zones which are less suitable are mainly because of human influences such as deforestation, road construction activities, grazing by domestic cattles, noise pollution and encroachment of land for agricultural purpose. Higher suitability zones which are characterized by denser forest, more distance from roads and subtropical coniferous type of forest are due to lesser anthropogenic activities and more availability of food. For the conservation of habitat management, some recommendations can be considered such as arranging awareness programme in order to make local people understand about the need of conservation of wildlife and legal consequences on violation of the Forest and Wildlife (Protection) Acts ; needs to involve local people while drafting management programme; needs to ban excessive deforestation; banning of grazing by domestic cattles; strict enforcement of Wildlife (Protection) Act, 1972 and suggested research based on conservation of Pheasants should be enhanced.
CONCLUSION
Habitat suitability analysis and identification of suitable area of Koklass Pheasant can be considered as one of the important phase towards the conservation of this species. The various parameters considered are land use/cover, forest type, roads, drainage and sighting locations of Koklass Pheasant. Highest suitable zone which covers about 23.7 km 2 are characterized with dense forest and subtropical coniferous type of forest. This study shows that they avoid areas nearby roads and human settlement. Scarcity of this species is mainly caused due to deforestation, encroachment of area for settlement area by local people, land and noise pollution caused by people.
